Out of 245 patients with spinal cord injury admitted to the Hospital Nacional de Paraplejicos of Toledo (110 treated conservatively, 135 treated surgically), randomised samples of 48 cases treated conservatively and 75 treated surgically were selected for comparison. Improved neurological status according to the Frankel scale was achieved in 37. 5% after conservative treatment, and in 23% after surgery. Reduction and stabilisation were achieved by both conservative and surgical methods, and the functional outcome was the same for both treatments. The mean hospitalisation time was 198 ± 10 (mean ± SE) days for patients treated with conservative measures, and 222 ± 9 days for patients treated surgically. No correlation was found between the type of fracture and severity of the neurological lesion. The neurological outcome by type of fracture was also similar for both treatments. No correlation was found between the degree of vertebral wedging and neurological evolution. Patients with greater vertebral displacement showed a worse neurological outcome.
Introduction
The relative benefits of conservative and surgical treatment in the management of traumatic spinal cord lesions are still contro versial. Some authours recommend conser vative treatment, 1 -4 some prefer surgical treatment5 -1 0 and others state that it may occasionally be necessary to use surgical treatment for lumbar and thoracic spinal fractures. 11, 12 This longtime unresolved discussion very likely indicates that there is a lack of significant difference between the two forms of treatment. The present study describes the results obtained using both treatments for spinal cord injury in the Hospital Nacional de Paraplejicos of Spain. An attempt has been made to clarify whether either of the two treatment strategies is clearly better.
Materials and methods
We have made a retrospective comparative study of patients with spinal cord injuries treated by surgical or conservative measures. Both groups include patients aged between 16 and 56 years old with injury resulting from trauma admitted to the Hospital Nacional de Paraplejicos from January 1989 to September 1991. Time lapse from injury to admission to our hos pital was less than 30 days. Patients with spinal cord injuries between T1 and T4 were excluded from the study. From a total of 245 cases, 110 (45%) received conservative treatment, and 135 (55%) were treated surgically. Randomised samples of 48 pa tients treated conservatively and 75 patients treated surgically were employed to make the comparative analysis, and are fully described in this paper.
The variables studied were: age; time elapsed from lesion to hospital admission; lesion level: cervical, thoracic (T5-TlO), thoracolumbar (T1I-Ll) and lumbar (below Ll); type of lesion (complete or incomplete); aetiology; type of fracture (compression, flexion-rotation and hyper extension); Frankel score on admission and discharge;2 score on the Toledo function ality scale; and radiological data on admis sion and discharge (vertebral wedging and dislocation). For scoring on the Toledo scale on discharge, the following categories are defined: a = completely dependent; b = partially dependent; c = independent in a wheelchair; d = wheelchair alternating with two crutches; e = totally independent with or without two crutches. The percent age of vertebral wedging was defined as (loa -BA/BP)*lOO, where BA and BP are, respectively, the height in millimetres of the anterior and posterior aspects of the frac tured vertebral body. The percentage of dislocation is defined as the ratio of the distance of rear dislocation of the fractured vertebra in millimetres divided by the normal width of the vertebra immediately below the fractured vertebra; this is then multiplied by 100.
Conservative treatment employed for thoracic and lumbar fractures was based on postural measures, following the techniques described by Guttmann, 1 over a period of 6-8 weeks. Cervical fractures were treated by continuous cervical traction over 6-8 weeks with 6-8 kg weight, followed by a neck collar for maintenance during 6-8 weeks. The operations carried out were: fixation in 63 (84%); laminectomy in 5 (7%); laminectomy together with fixation in 7 (9%). Fixation modalities included: Har rington rods in 14 (22%); modified Harring ton rods in 16 (26%); 'Malaga' vertebral fixator in 24 (38% ); Cloward procedure in 9 (14%) who suffered a cervical injury. Har rington rods were also employed in the 7 patients treated by laminectomy together with fixation. The 'modified' Harrington rods group includes those patients who were treated additionally with sublaminar wiring. Recently, we have successfully used the 'Malaga' transpedicular fixator, which is similar to Dick instrumentation (two pairs of Schanz screws placed in the pedicles and connected by threaded rods).
Twenty-nine (39%) of the 75 patients treated surgically were operated on in our hospital, while 46 (61%) were operated on in other centres before admission to our hospital. No operation of laminectomy was performed at our centre. Our treatment of choice is usually conservative, and surgical treatment is considered only for fractures with luxation of more than 1/3 of vertebral displacement and rupture of interspinous ligaments.
The statistical analysis included the com parison of mean values (Student's t test), and chi-square test and confidence interval of percentages (95% CI) in the case of qualitative variables. In order to control for possible confounding factors, stratified tables with odds ratios, Cornfield confid ence intervals at 95%, and Mantel Haenszel chi-square and pounded odds ratios were employed. A 95% confidence interval around an odds ratio that does not include 1.0 implies a statistically significant difference in the likelihood of an outcome, without confusion by the stratified factor. 1 3
Results
The main features of both study groups are shown in Table 1 . Both groups are homo genous in terms of age, time lapse to admission, amplitude of spinal lesion, type of fracture and aetiology. The number of thoracolumbar cases treated surgically (39) is significantly greater than those treated conservatively (9) . The difference could be due to the fact that orthopaedic surgeons are more prone to operate at this level. Of all patients, 21% were admitted to our hospital within the first 24 hours after the time of the injury, and the rest thereafter. Complete lesions were found in 88 (72%) patients, while 35 (28%) had incomplete lesions. Traffic accidents were the cause of 69 (56%) of the spinal injuries. Classification of skeletal injuries was based on Holdsworth's system. 14 Among those spinal injuries due to compression, 64 % were found to be typical compression fractures, while 36% were crush fractures. Among the fractures due to flexion-rota tion, 71 % had dislocations. The mean time from the moment of sustaining the lesion to surgical operation was 7. 5 ± 1. 2 days (M ± SE). The mean follow up time from admission to discharge in the whole popula tion was 213 ± 7 days.
Neurological evolu tion
The neurological findings graded according to the Frankel scale on admission and discharge were compared for both groups (Table II) . Among patients treated con servatively, 37. 5% (95% CI = 23. 8-51%), improved their neurological status com pared with 23% (13-32%) of those treated surgically. Neurological improvement was observed in 18% (5-31%) of the patients with complete lesions treated conservatively, and in 11% (3-19%) of those treated surgically. Those with an incomplete lesion showed improvement in 80% (56-100%) after conservative treatment, and in 55% (33-77%) after surgical treat ment. When both groups are considered together, 28% (20. 4-36.4%) of the patients showed improvement.
The neurological evolution of the pa tients, depending on the level of the spinal injury, is shown in Table III . Patients with cervical injuries had a greater degree of neurological improvement (48%, Cl = 28. 4-67.6%) than those with thoracic (17%, Cl = 5. 4-27.9%), thoracolumbar (27%, Cl = 14. 5-39.7%) or lumbar injuries (37%, CI = 4-71 %) X2[3] = 7. 9, p < 0. 05. Complete thoracic and thoracolumbar in juries showed the lowest improvement rates (8% and 11% respectively). On the other hand, incomplete thoracic injuries showed the higher improvement rate (80%), al though the number of patients in this group was small. Improvement was greater in those with incomplete lesions than in those with complete lesions for all levels of injury, except for injuries below Ll, where no statistically significant differences were found, although the number of patients in this group was also small. Neurological status (improved vs without change) for each group in relation to age, level, type of fracture, displacement and wedging is shown in Table IV . Of 55 patients aged under 25 years, 38% showed improvement, while in 68 older patients improvement was observed in 21 %, (X2[1] = 4.6, P < 0.05). Nevertheless, the stratified analysis by the type of treatment showed a similar neurological outcome for both treatments in the two age groups. The logit combined estimate of the odds ratio
(OR) was found to be 0.53 (el = 0.13-1.13). Thi<; discordance may be due to the fact that the neurological outcome after incomplete lesions was better in patients under 25 years (87.5%) than in those who were older (47%), (X2[1] = 4.5, p < 0. 05). The neurological outcome after complete lesions was the same for both age groups. No statistical differences were found in the neurological evolution for both treat ments in patients with cervical, thoracic and thorocolumbar injuries (Table IV) . Patients with lesions below L1 were not analysed because their number was too small. There was no statistical association between frac ture type and neurological outcome. The latter, according to the type of fracture, was the same for both treatment modalities (the unique patient with a hyperextension frac ture was not included in the analysis).
Patients with vertebral displacement on admission above 30% (n = 65) showed a worse neurological evolution, 6 (9%) than did those with vertebral displacements under 30% (n = 58), of which 29 (50%) showed a favourable evolution (X2[1] = 24, p < 0.001). The neurological outcome ac cording to the percentage of vertebral dis placement was the same for both types of treatment. The degree of vertebral wedging did not have any influence on the neurolo gical outcome. If we consider the patients treated surgic ally, no statistically significant differences with respect to the neurological outcome were found between those operated before the first 24 hours after the time of the injury (n = 31) 9 (29% ), and those operated there after (n = 44) 8 (18%), X2[1] = 1.2. Table V shows the mean values of vertebral wedging and displacement in both groups. We have found that the modality of treat ment has no statistically significant influence in the wedging percentage. The percentage of vertebral displacement in both study groups was statistically smaller on discharge than on admission.
Radiological examina tion
Func ti onal evolution expressed on the Toledo scale Table VI shows the functional state attained by patients according to type of treatment as scores on the Toledo scale. There were no overall statistically significant differences 76%) ) as compared to the 11 (24%) of those treated conservat ively. This is due to the fact that there were more cases of thoracolumbar and lumbar injury in the group treated surgically, 47 (63%), than there were in the other group, 9 (19% ).
Leng th of hospital stay
The mean hospitalisation time for the group of patients treated conservatively was 198 ± 10 days (M ± SE), while for those treated surgically it was 222 ± 9 days, giving a difference of 24 ± 14 days). The larger economic burden caused by the longer mean hospitalisation time together with surgery expenses, in the group of patients treated surgically, should be considered when deciding the modality of treatment. Furthermore, 21% of the operated patients required a further operation to remove osteosynthesis material.
Discussion
The number of patients who suffer fractures of the spinal cord and go on to be treated surgically is high in many countries, and this is no exception in Spain. This study of a sample of 245 spinal cord injury cases shows that 55% received surgical treatment. Most of these operations took place on patients with thoracolumbar fractures, and on those with the greatest degree of fracture dis location. This large number of surgical operations is due to the attempt to gain improvement of neurological function. This is supposed to be achieved by reduction and surgical stabilisation to prevent further vertebral dislocation. Surgery also has the aim of reducing, as much as possible, post trauma pain due to kyphosis and of reducing the amount of time spent as an inpatient. 15 Favourable evolution measured over the sample as a whole was 28.4 (el = 20.4-36.4%), a proportion which is not statistically different from those published by other authors. 1 . 2 ,l 1 and is less than the figures published by others. 10 . 1 7 -1 9 Our results confirm the findings of most authors, in that patients with incomplete lesions have a more favourable neurological outcome as measured on the Frankel scale than do those with a complete lesion. 2.11.16 .17 .19.2 0 The incidence of favourable neurological improvement in those with complete lesions in our study was 14% (Cl = 6.5-21%), a proportion similar to those cited in other papers. 1 . 11 . 16 . 1 7.21J. 21 In those with incomplete lesions a favourable neurological evolution occurred in 66 (CI = 50-81.4%), a proportion similar to those published by other authorsL 2 · 11 . 16 . 19 . 2 1 and below the figure of 95% published by Davies et ai. 1 7 According to Guttmann 1 lesions of the thoracic and thoracolumbar spinal cord which were initially complete showed a lower percentage of cases in which improve ment occurred. This could be explained by the relative narrowness of the spinal canal at these levels, compared to its diameter at the cervical and lumbar levels. Nevertheless, patients with incomplete thoracic lesions do have a high percentage of improvement, and this could be explained by the support ive effect of the thoracic cage. Complete thoracic spinal injuries improved in 8% of patients in our study, while the correspond ing figure for thoracolumbar injuries was 11 %. These proportions are lower than the 25% corresponding to lesions occurring in the cervical spinal cord, and the 50% for injuries at lumbar levels. The level of injury clearly influences neurological evolution, with the best outcome for those with cerv ical and lumbar injuries, as reported previ ously by others. 1. 2 · 1 9 Patients with incom plete thoracic spinal injuries improved in 80% of cases. This proportion is greater than those with injuries at other levels, and is similar to those reported by Guttmann 1 and Frankel. 2 At all levels the proportion of cases showing neurological improvement was statistically significantly higher for those with incomplete injuries than for patients with complete lesions, except for injuries distal to Ll, where no statistically significant differences were found. This is probably due to the existence at these levels of nerve roots instead of the spinal cord.
According to Frankel, neurological evolu tion in incomplete lesions was clearly better in patients under 25 years of age than it was in older patients. Our results confirm those published by other authors which state that the type of fracture and the degree of wedging have no influence on the neurolo gical outcome. 1 . 2 . 11 . 22 . 2 3 The contrary seems to be true for the degree of vertebral displacement. Some authors have found that the type of surgical intervention has no influence on the neurological outcome. 18 .2 4 There is no evidence for the hypothesis that early surgical treatment improves neurolo gical functioning, given that neurological damage usually occurs instantly at the mo ment of trauma. 15 Our study does not find statistically significant differences to exist between those patients who were operated on during the first 24 hours, and those operated afterwards. Current surgical prac tice is for a few vertebrae to be fused, above all the lumbar level. 2 5
Our results confirm that reduction and stabilisation are achieved as much by using conservative as by using surgical techniques. As was reported by Harris et al 26 we prefer an early reduction of fracture luxation, although no data show that this leads to improvement of neurological function. We agree that treatment should be undertaken in a specialised hospital and should be prescribed on the advice of specialists from several fields, not just by orthopaedic sur geons.1 2 .1 8 Daily examination of neurolo gical function is important, as in this way the treatment being used may be modified at any time.l .23 Correct transportation to a spinal injury unit can avoid the danger of many incomplete injuries being transformed into complete lesions. 2 3 . 2 7 Patients who receive surgical treatment
References could get out of bed sooner than those treated conservatively, although surgical operations do carry a certain degree of risk. Surgically operated patients often experi enced pain when the metal rods loosen after they get up from bed and many rods require to be removed at a second operation, sometimes giving rise to infection. 1 Hospitalisation time was longer than that cited by other authors. 16 .17 This perhaps is due to the fact that we have considered the total time to be to the end of rehabilitation. Our results support our preference for the conservative treatment of patients with vertebral fractures, as we have not found that the neurological outcome was improved by surgical measures. It should be stressed that 21 % of patients operated on required a further operation to withdraw osteosyn thesis material, with the subsequent added risks of surgical complications in such pa tients.
